Power law exponent for polycrystals versus range of grain sizes studied as predicted from equation (1) and from four different experimental studies [5] [6] [7] [8] . The initial dislocation density in the calculations was assumed to follow ρ 0 = 10 12 (1 + 10 × 10 −6 /D) µm. Dimensionless resolved shear strength multiplied by the square root of the crystal diameter versus the initial dislocation density multiplied by the crystal diameter for Ni microcrystal [1] [2] [3] [4] and Cu macrocrystal experiments [9] [10] [11] [12] . Solid curve is Equation (1). In (a) the dashed lines are the "Three Segment Node Model" 13 and the dash-dot lines are the "Single-Ended Source Model" 14 ; and in (b) the dash-dot-dot lines are the statistical model 15 .
Supplementary Note 1: Physical Interpretation of the Generalized Size-Dependent Taylor-
Strengthening Law
Equation (1) in the manuscript was expressed as follows:
The second term is clearly the traditional forest-strengthening term which states that the dislocation mean free path is inversely proportional to the square root of the dislocation density.
This term is naturally obtained from the slope of the data in Figure 3 in the manuscript when
On the other hand, when αb √ ρ << β/D √ ρ, the forest hardening term becomes negligible and the strength is mainly governed by the resolved shear strength required to activate the weakest dislocation-sources in the crystal.
The dislocation source strength is proportional to the inverse of the effective (or mean) source length, λ, which in turn must be bounded by the physical size of the crystal. Thus, equation (1) may be rewritten in the more familiar form of:
where k is a strength coefficient that is typically assumed to be between 0 and 1. By comparing equations (1) and (2), we find that the effective dislocation source length when αb √ ρ << β/D √ ρ should be given by:
while when αb √ ρ >> β/D √ ρ it would be given by
where k was set to unity. These two equations give a relationship for the effective source length as a function of the crystal size and dislocation density. Equation (3) states that the effective dislocation source length increases proportionally with the crystal external dimensions, D, normalized by the mean free path (1/ √ ρ).
Supplementary Note 2: Effect of Dislocation Density and Range of Studied Crystal Sizes on the Power-Law Exponent
The effect of extrinsic and intrinsic size on the strength of single crystal and polycrystalline materials is typically expressed by the following experimentally determined power-law relationship:
where σ is the strength of the crystal, σ 0 is the friction stress, D is the extrinsic size for single crystals or grain size for polycrystals, k is a fitting constant, and n is the fitted power-law exponent (between 0 and 1 for single crystals or 0 and 0.5 for polycrystals). Recently, the effect of prestraining on the power-law exponent for single crystals has received some attention. However, questions regarding the effect of the range of studied crystal sizes, experimental scatter, and initial dislocation density are not fully addressed in many Hall-Petch related studies.
To address these questions, the power-law exponent, n, in equation (5), as computed for
Ni based on equation (1) DDD simulations indicate that the results will fall on a single curve, which is captured correctly by our generalized size-dependent dislocation-based model (equation (1)). However, other analytical models show different curves for different crystal sizes and the magnitude of the stress at a certain
